In this paper we investigate impacts of non-standard neutrino interactions (NSIs) to the limitations on the discovery potential of dark matter in direct detection experiments. New neutrino floors are derived taking into account current upper bounds on the effective couplings of various NSIs. Our study shows that the neutrino floors of the standard model neutral current interactions can be significantly changed in the presence of vector-current NSI and scalar-current NSI, and the neutrino floors can be raised up to about O(20%) in the presence of pseudo-scalar-current NSI, and there are almost no impacts to the neutrino floors from the axial-vector NSI and the tensor NSI. We suggest combining the dark matter direct detection experiments with the coherent elastic neutrino nucleus scattering experiments to hunt for new physics behind the signal of nuclear recoil in the future.
I. INTRODUCTION
Cosmological observations have confirmed the existence of dark matter (DM), which points to the new physics beyond the standard model (SM). Weakly interacting massive particles (WIMP) have been taken as the most attractive DM candidate, as it can naturally address the observed relic abundance with a weak coupling to the SM particles and an electroweak scale mass. DM direct detection experiments attempt to detect the recoil energy of nuclei coming from the collisions of nuclei with WIMP in underground laboratories. For the past decades, the detection sensitivity and efficiency of DM direct detection experiments have been greatly improved, but still no signal was observed, which on the other hand puts exclusion limits on the WIMP-nucleus scattering cross section. It is well-known that the exclusion limits will soon reach the "neutrino floor" [1] [2] [3] , the background from coherent elastic scattering of neutrinos off nuclei. It will be impossible to distinguish the signal of WIMP from that of neutrino using current direct detection techniques when the signal lies below the neutrino floor.
Several attempts have been made to discriminate the DM signal under the neutrino floor, which include combing data from different targets for WIMP with spin-dependent interactions [4] , looking for annual modulation [5, 6] , and (or) measuring the recoil momentum [7, 8] .
It has been shown in Ref. [9] that it is possible to lift the signal degeneracy associated with the neutrino floor for inelastic scattering. Actually, we need to understand the neutrino interactions pretty well before making further comparison. Exotic new physics may affect the neutrino floor. It has been shown in Ref. [10] that the neutrino floor can be lifted by several orders of magnitude for DM mass below 10 GeV in the light scalar mediator case, and a factor of two in light vector mediator case. In Refs. [11] [12] [13] , authors have studied the effect of non-standard neutrino interactions (NSI) in the DM direct detection experiments.
NSI can enhance or deplete the neutrino-nucleus event rate and thus the neutrino floor can be lifted or submerged.
In this paper we revisit impacts of NSIs to the limitations on the discovery potential of dark matter in direct detection experiments. Recently coherent elastic neutrino-nucleus scattering (CEνNS), predicted by the SM, was observed by the COHERENT experiment [14] .
CEνNS allows us to study constraints on effective couplings of NSIs. After having considered all updated upper limits, we evaluated the new neutrino floor induced by the NSIs. Our re-sults show that the neutrino floors of the standard model neutral current interactions can be significantly changed in the presence of vector-current NSI and scalar-current NSI, and the neutrino floors can be raised up to about O(20%) in the presence of pseudo-scalar-current NSI, and there are almost no impacts to the neutrino floors from the axial-vector NSI and the tensor NSI. That is to say, a signal above our new neutrino floors will be definitely that of DM, while the new physics behind a signal lying between the new and the SM neutrino floors will be blurred and indistinct, in which case one needs combine DM direct detections experiments with CEνNS experiments to make further identification. For a signal lying below the SM neutrino floors, we need to develop new direct detection methods.
The remaining of the paper is organized as follows: In section II we present the exotic neutrino interactions and cross section of CEνNS process. Section III is focused on constraints on the effective couplings of NSIs. In section IV we present impacts of these new interactions to the neutrino floor. The last part is concluding remarks. Nuclear response function are listed in the appendix A.
II. NON-STANDARD NEUTRINO INTERACTIONS
In the SM, CEνNS is mediated by the Z-boson at the tree level. The solar, atmosphere, accelerator and reactor neutrino oscillation experiments have confirmed that neutrinos are massive and lepton flavors are mixed, which point to new physics beyond the SM. As a result, neutrinos could interact with SM particles in the presence of new mediators (new gauge bosons or new scalar fields ). Effective operators induced by these new mediators are called NSI, which is first addressed by L. Wolfenstein in the consideration of neutrino oscillation in matter [15] . In this section we address all exotic neutrino interactions beyond the original NSI which is vector-current interactions between neutrinos and quarks. It is well-known that there are 16 independent Dirac field bilinears, which can be decomposed into scalar, vector, pseudo-scalar, axial-vector and tensor currents. The most general dimension-6 operators describing effective neutrino-quark interactions can thus be written as
Quark level
Nucleon level Matching conditions 
The Lagrangian given in Eq. (1) 
where s 2 W = sin 2 θ W ≈ 0.238, with θ W the weak mixing angle.
To calculate the cross section of CEνNS, one needs to match the effective operators given in Eq. (1) onto effective field theory describing interactions between neutrinos and nonrelativistic nucleon, which was done in Refs. [17, 18] . We list in the [20] , ζ p,S ≈ ζ n,S = 16.3ζ S by using inputs of f p,n Tq provided in Ref. [19] , ζ p,P ≈ 59ζ P and ζ n,P ≈ 55ζ P .
The differential cross section of CEνNS in the present of NSIs is calculated in Refs. [21, 22] .
For our case, it can be written as
where
are the nuclear response functions, E ν is the initial neutrino energy, E R is the recoil energy of the nucleus, J A is the spin of target nuclei, ζ
(ζ p,X + ζ n,X ) and
are given in the appendix A, which are taken from the public code "dmformfactor" in
Ref. [23] .
III. CONSTRAINTS
Before proceeding to the study of neutrino floor, we summarize in this section constraints, on the NSI Wilson coefficients, arising from neutrino oscillations, CEνNS and deep inelastic scattering (DIS). According to global fits to oscillation data, one has [22, 34] 
at the 95% C.L.. Constraints of CEνNS and DIS are separately given by the COHER-ENT [14, 24] and CHARM [25] collaborations. Since these constraints were already studied in references, we will not repeat the investigation here. We list in the Table. II the most stringent current or predicted constraints on ζ q,X , which are derived by translating results of Table. II and III in Ref. [22] into the upper bounds of ζ q,X in our case.
IV. NEUTRINO FLOOR
DM direct detection experiments, which are designed to search for the nuclear recoil in the scattering of WIMPs off nuclei, probe DM straightforwardly. There are many on the running or designed DM direct detection experiments on the world, for a review of direct detection experiments and their current status, see [26, 27] and references therein for detail.
The WIMP event rate can be written as [28] 
where M is the target mass, T is the exposure time, ρ DM = 0.3 GeV/c 2 /cm 3 being the DM density in the local halo, µ n is the nucleon-DM reduced mass, σ 0 n is the DM-nucleon cross section, A is the atomic number, F (E R ) is the nuclear form factor and we use the Helm form factor [29] , f ( v) is assumed to be the Maxwell-Boltzmann distribution function describing the DM velocity distribution in the Earth frame, v min depends on E R : v min = m N E R /2µ 2 N with µ N the DM-nucleus reduced mass. The velocity integral in eq. (6) can be analytically written as [30] v min
where v 0 is the speed of the Local Standard of Rest, η E = v E /v 0 with v E the Earth velocity with respect to the galactic center, η esc = v esc /v 0 with v esc the escape velocity of DM from our galaxy, η ± = min(v min /v 0 ± η E , v esc /v 0 ). We take v 0 = 220 km/s, v esc = 544 km/s and It is well-known that the exclusion of the spin-independent direct detection cross section will soon reach the neutrino floor, below which the spectrum of the recoil energy induced by WIMP-nucleus scattering can not be distinguished from that induced by the CEνNS.
The background is due to solar neutrinos at low recoil energies and atmosphere neutrinos or supernovae neutrinos at high recoil energies. Some approaches were proposed on how to extract DM signature from below the neutrino floors. Here we focus on the neutrino floor itself and evaluate the impacts of exotic neutrino interactions to the neutrino floors. The event rate induced by the CEνNS can be written as
where dφ ν /dE ν is the flux of neutrinos, dσ ν /dE R is the differential cross section of CEνNS given in Eq. (4). The relevant flux used in our analysis are taken from Refs. [32, 33] . The minimum energy of neutrinos, E min ν , required to induce a nuclear recoil at the energy E R is m A E R /2.
For a given target, one can construct the neutrino floor in the following way: First, calculating the exposure required to generate n counts of CEνNS for a given minimum energy threshold. Second, computing the spin-independent WIMP-nucleon cross section using the following master equation,
With this equation, one can get the neutrino floor with n neutrino events and estimate the impactions of NSIs to the direct detections of DM.
V. RESULTS
Taking into account the the upper bound on the effective couplings of NSI, the cross section of CEνNS can be significantly changed. We first evaluate impacts of NSIs to the neutrino event rate. In the first row of the section in the exposure where one CEνNS event is generated that can not be distinguished from the WIMP event. To make the plot, we first evaluate the exposure such that Xe131 target expects one neutrino event, with varying energy threshold from 10 −3 keV to 100 keV.
Then we calculate the WIMP-nucleon scattering cross section for each exposure by requiring dR/dE R ε(E R ) = 2.3. By taking the smallest cross section for various energy threshold at a fixed dark matter mass, that corresponds to the best background free sensitivity estimate achievable, one can draw the curve. As can be seen, neutrino floors can be significantly raised by the vector-current NSI in both low and high dark matter mass region, and the neutrino floors can be raised by scalar-current NSI only in low dark matter mass region.
We show in the left-panel of the Fig. 2 number of neutrino event within 1 ton·year exposure in the Xe131 target as the function of energy threshold for pseudo-scalar-current NSI (blue dashed line). As can be seen, the enhancement is tiny for small energy threshold, this is because the contribution of the pseudo-scalar current NSI to the CEνNS is suppressed by the tiny nuclear response functions W αβ Σ ′′ (q 2 ). For a large recoil energy, its effect become significant because the contribution of the pseudo-scalar-current NSI to the CEνNS cross section is proportional to E We find that contributions of the the axial-vector-current NSI and the tensor-current NSI to the CEνNS are suppressed by the nuclear response function and the enhancement to the neutrino events can be neglected. As illustrations, we show in the Fig. 3 the ratio R, which is defined in Eq. (10) are taken from the public code "dmformfactor" given in Ref. [23] .
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